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Collaboration key to 
progress in mid-IR devices 
Professor Tony Krier has been a driving force in 
mid-IR and was a key architect behind the suc- 
cessful Mid-IR Network (MIRN) initiative some 
years ago.This has brought about some very use- 
ful and much-needed cross-fertilisation between 
academe and industry.The most recent meeting 
was held at Imperial College in London in July. 
“Mid-IR semiconductors have a great potential 
for the kind of emitters and detectors which are 
so obviously lacking in today’s market.There is a 
clear need for these materials so as to produce 
cost-effective high performance devices for 
portable pollution monitors, medical diagnostics 
and chemical weapons site detectors. We meet 
regularly to discuss our successes and problems. 
The network has attracted nearly three dozen 
participants.” 
Commonly used flashlamps with attached filters 
are needed for for mid-IR applications. These are 
inconvenient and expensive with little in the 
Figure 1. Schematic of University of Lancaster ring resonator 
way of durability. On the other hand new semi- 
conductor devices have so far also fallen short 
too. In particular, quantum cascade lasers (QCLs) 
might suit the 3.5 to 12 microns wavelengths but 
they are costly. Up to a point this is acceptable 
for specialist lab instrumentation. Use of mid- 
infrared wavelengths permits higher sensitivity 
to trace chemical amounts than the shorter- 
wavelength devices. Generally, the shortcomings 
are a spur to develop better devices and from 
that a widening of the scope of applications for 
such devices. For example, room-temperature 
operation mid-IR laser emitters and detectors 
will make sensitive chemical detectors portable, 
convenient and inexpensive. 
Before this can come about a number of scientif- 
ic issues must be resolved. One of the brakes on 
progress has been an immature process technol- 
ogy coupled with an incomplete understanding 
of how to manipulate their optoelectronic prop- 
erties. Mid-IR quantum heterostructures require 
precisely-controlled nanometre dimension epilay- 
ers.They also need the appropriate methodolo- 
gies for band-structure modelling, characteriza- 
tion tools, and even the knowledge of fundamen- 
tal materials parameters (such as band align- 
ments, effective masses, etc.). So there is much 
work to keep quite a number of research insti- 
tutes busy. Prof Krier and his colleagues have 
realised that it is unlikely that one group can 
achieve all of these steps and so collaboration is 
the order of the day in mid-IR. 
The situation applies equally well to lasers and 
LED emitters and the corresponding detectors. 
The latter must perfectly match the emission 
with high discrimination in the mid-IR range. For 
the majority of the ongoing R&D compound 
semiconductors are the materials of choice not 
only for emitters of course but also for detectors. 
These include not only those based on III-Vs but 
also the II-V% such as CMT and the lead salts, for 
example.The main part of this article is, howev- 
er, concerned with the former. 
Silicon detectors are cheap but back the correct 
resolution and other performance for the mid-IR 
wavelengths.The choice III-V materials receiving 
the lions share of the R&D today are alloys of 
indium arsenide (InAs) and indium antimonide 
(InSb).A major drawback for these though is that 
they require cryo-cooling for operation. Strong 
non-radiative Auger recombination in these mate- 
rials makes room temperature quantum efficien- 
cies low in practical devicesThis applies for indi- 
vidual discrete detectors and arrays such as those 
needed for thermal imaging. Room temperature 
operation is a major requirement because of the 
reduction in complexity and cost which results. 
However, as a compromise researchers have suc- 
ceeded in adaptation micro-coolers so as to 
make more compact units.The US armed forces 
have sponsored such research - for example in 
the HERETIC Program. 
In common with the bulk of the opto industry, 
today’s market will only bear the lowest cost 
devices.These devices must be priced at well 
under a dollar apiece and give reliable output 
powers of 2 mW or more without the need for 
cryocooling and be confer high detection sensi- 
tivities.At present this is surprisingly tall order. 
With such a wish list in mind Prof Krier and his 
collaborators are achieving impressive progress 
employing novel approaches. For instance the 
mid-IR ‘whispering gallery’ mode ring laser and 
LEDs. In a forthcoming paper his group has 
shown the first results from ring resonator lasers 
with a range of advantages over other geometries 
such as those using cleaved facets or gratings for 
optical feedback.The structure of such a ring res- 
onator is shown in Figure 2. 
In fact his group lays claim to the world’s first 
InAs device of this type grown by LPE.The latter 
process may seem a little old-fashioned to some 
readers used to multiwafer production epitaxy 
by MOCVD or MBE but has great application 
here. It uses a conventional horizontal graphite 
sliding boat to grow double heterostructures on 
n-type InAs (lOO).Then conventional lithography 
and RIE followed by passivation are used to cre- 
ate the 420 micron mesa.A 300 micron ohmic 
contact pad is defined on the InAsSbP with a 
corresponding back contact. 
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Figure 2. The 4K superluminescence form the edge emitting area. 
The unintentionally doped n-InAs active layer is 
enclosed between P- and N- InAsc,,42Sb0,t8P0.40 
confinement layersThe P content in the confine- 
ment layers was 0.40 (Eg = 640 meV,T = 4 K) to 
provide a high bandgap energy and large inter- 
face band offsets for good carrier confinement. 
The InAs active region was 0.7um thick (Eg = 
415 meV,T = 4 K), and the InAsO,~zSbo,lsPO,~o lay- 
ers were iso-periodic with InAs, each being 
3.Oum in thickness. By usingYb rare earth getter- 
ing the residual carrier concentration in the 
active layer was reduced to < 5~10’~ cme3.The 
cladding layers were intentionally doped with 
Sn up to a concentration of 5~10’~ cme3 and 
with Zn up to 1x10’s cm3 for N- and P- sides, 
respectively. 
Emission results from the edge using 4K EL spec- 
troscopy indicate superluminescence which is 
much narrower than that from the surface. 
Figure 2 shows the 4K electroluminescence 
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Mid-/R devices are becoming 
very important for a range 
of sensing applications for 
environmental monitoring 
of methane, for example. 
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emission spectra obtained from the edge of the 
mesa and measured with increasing drive cur- 
rent at a frequency of 10 kHz. Other characterisa- 
tion reveals that the device has a wide tuning 
rangeAnother distinguishing feature of the spec- 
tral emission is decreasing linewidth with 
increasing current. 
The superluminescence in the edge emitter origi- 
nates from in-plane propagation around the 
inner perimeter of the mesa due to a ‘whispering 
gallery’ mode.The latter is facilitated by total 
internal reflection as they have shown before in 
a 4.6 micron LEDs. 
Coherent emission occurs at wavelengths as long 
as 3 microns when the drive current amplitude 
is increased with peak output of 5-10 mW. 
In another related area the group has again 
used its LPE expertise to fabricate InAs,_,Sb, 
quantum dot LEDs.There have been few 
reports of InSb or InAs,_,Sb, QDs exhibiting 
emission in the spectral range ~2 microns. 
The Lancaster group has reported on the 
PL from InAsl_xSb, QD near 4 microns and most 
recently on the first observation of EL from 
InAs,,,SSb,,5 QD leds. 
At 4 K transitions Involving confined holes inside 
the QD are observed.The QD emission exhibits a 
large blue shift with increasing injection current, 
characteristic of quantum confined transitions. 
The intensities of these peaks do not appear to 
saturate with injection as a result of Auger sup- 
pression produced by the increased confinement 
in the QD.The behaviour of the EL spectra with 
increasing current and temperature indicate that 
the phonon bottleneck effect is operative and 
controls the population of the QD levels. 
Furthermore, even though the LED structure is 
far from optimised the EL from the QD LEDs per- 
sisted up to room temperature. 
The group was amongst representatives from 
most of the UK’s mid-IR community that con- 
vened at ICL in July for the latest meeting of the 
MIRN. ’ 
Host ICL is itself developing IR LEDs and lasers 
for detecting gases in trace ConcentrationsThis 
group has recently developed an interest in 
mid-IR quantum optics having recently present- 
ed the first evidence for electromagnetically 
induced transparency (EIT) in the solid state 
using intersubband spectroscopy of QW 
structures. 
“This year we have had exciting results from 
LEDs containing only one 10 mu thick quantum 
wells of emitting material,” says ICL’s Chris 
Phillips. “LED efficiencies have climbed by 6. 
When a magnetic field is applied the output 
spectrum splits into typically six very sharp 
‘cyclotron’ linesThis tells us that the material’s 
quality is much better than we previously 
thought, and that there is population inversion 
and gain in the device. 
“In reverse bias we find, for the first time in a 
heterostructure, the intriguing phenomenon of 
‘Negative Luminescence’.The bias voltage 
extracts carriers from the depletion zone, which 
then absorbs incoming Black Body radiation, 
much as if it has been suddenly cooled dramati- 
cally.Thc effect could be used as a radiative cool- 
er and for a host of scientific applications where 
the ability to generate a ‘cold shield’ without 
cryogenics is attractive. 
There were also student presentations, posters 
and discussions. M Merrick, et al., from the 
University of Surrey presented their ‘insights 
into carrier recombination mechanisms in 3.3 - 
3.8 urn InAs-based LEDs obtained using high 
pressure. ICL workers introduced their work on 
resonant cavity enhanced InAs mid-IR LEDs. 
From UMIST M. Missous et al. talked about high- 
ly strained quantum cascade structures for 
QWIPs in the mid-to-near IR. UMIST has collabo- 
rated with the University of Hull on ‘enhanced 
intersubband absorption in stepped double bar- 
rier quantum well waveguide structures’. D. 
Nohavica, EPSRC visiting fellow, Lancaster 
University gave a talk on ‘structural modifica- 
tion of InAs-based materials for mid-IR optoelec- 
tronic devices’ And from further afield E. 
O’Reilly from the NMRC presented findings on 
dilute nitride alloys as an alternative route to 
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longer wavelengthsAnd from the University of 
Glasgow C.N. Ironside showed how this group 
is ‘improving the performance of AlGaAs/GaAs 
quantum cascade lasers’. 
In conclusion 
Present generation solutions for mid-IR sensing 
have some drawbacks for the needs of today and 
tomorrow’s markets.The market needs lower- 
cost, high-performance devices having all the 
convenience achievable through compact semi- 
conductor devices. So far it has proven a tough 
nut to crack. If anything this field needs a break- 
through akin to that of Nakamura in the III- 
nitrides for LEDS and lasers. It is not for want of 
trying if the breadth of R&D currently underway 
worldwide is indicative. 
Footnotes: 
1, Mid-infrared Network 
The purpose of the Mid-infrared Network is to 
bring together expertise and facilitate research in 
key areas of semiconductor materials growth, 
device physics and fabrication in order to 
advance the state-of-the-art in mid infrared opto- 
electronics Network activities include organised 
meetings every 6 months with invited speakers 
on selected topics and a regular newsletter. The 
network is funded by EPSRC, and it is hoped that 
the meetings will provide an opportunity for par- 
ticipants to discuss current issues, learn of new 
developments, develop problem-solving strate- 
gies and also make new contacts. Membership is 
open to all parties with an active interest in mid- 
infrared materials and devices. 
Website: http://www. lancs.ac.uk/users/spc/ 
mirnet/default.htm 
2.MIOMD 5 
The 5th International Conference on Mid- 
Infrared Optoelectronics Materials and Devices 
conference will be held at Annapolis, Maryland 
on 9-l lth September, 2002. 
For more information, pkdse contact:AVS West, 
1265 El Camino Real, Ste. 109, Santa Clara, CA 
95050 USA.Tel: + I 408 246 5600; Fax: + 1 408 
246 7700. E-mail: miomd02Qavsorg; web: 
http://www.avs.org/conferences/miomd2001/ 
generalhtml 
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